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Abstract: The necessity of a higher data processing speed was crucial for the advances in 
computer science. There were created processors that needed increasingly more power, so 
that new methods were discovered and more complex systems were created in order to 
solve the cooling issue. In this paper, there are presented the trials performed on a mini 
refrigeration plant that used mechanical compression of Freon’s, designed to cool 
electronic components like microprocessors, microcontrollers, graphic stations, or in the 
case of local cooling in diverse areas such as bioengineering, optics and nanotechnologies. 
The refrigeration system was constructed as an experimental set-up and consists of the 
following: two mini heat exchangers, working both as a condenser and a vaporizer, which 
are made of circular micro channels, a refrigeration compressor, lamination valve which 
contains a circular nano channel and a micro filter. The experimental determinations have 
proven that, although such a system contains a small quantity of Freon, of the order of 
milligrams, it reaches temperatures of -44 qC. 
 
 
Keywords: heat transfer, heat sink, mini and micro-channels, cooling systems, refrigeration 
 
 
 
1.   INTRODUCTION 
 
The thermal management of the calculation system is designed to measure CPU’s temperature in different 
conditions of use, to evaluate the reliability and to identify the possible malfunctions caused by overheating.  
 
Due to the fact that intense CPU usage may endanger its integrity and result in a lower lifespan of the entire 
system, there have been conceived cooling systems that allow the control of the maximum value of temperature 
a CPU can rise up to.  
 
The evolution of CPU’s performances and also the miniaturization of electronic components have been made 
possible only by adopting technical solutions designed to ensure the dissipation of the generated heat. There have 
been discovered and continuously improved more and more techniques to evacuate the thermal flux generated by 
electronic components.  
 
Therefore, the research has led to the development of a broad area of efficient cooling systems whose 
composition includes mini, micro and nano channels traversed by different cooling agents. The paper presents 
some experimental results obtained in the laboratory by applying cooling refrigerant R600a.   
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2.  THE ACTUAL STAGE REGARDING CPU COOLING MICROSYSTEMS 
 
The most important element of a computational system is the processor, next referred to as the CPU. Together 
with increasing the working frequency, independent of the CPU type, appears a high thermal flux density per 
surface unit. The high values of the thermal flux impose different cooling equipment to respond to the following 
requests: volume as low as possible, reduced mass, long lifetime and the possibility of working in harsh 
environmental conditions. 
 
The first cooling systems appeared were the ones using air. The air cooling is still applied on a large scale in 
microelectronic components with reduced thermal charge densities. These systems use coolers consisting of a 
radiator and fan. The efficiency of the radiator depends on the material of which it is composed, on the 
circulation of air intensified by the fan and on the shape and contact surface with the processor. 
 
Most coolers are made of aluminum. In Figure 1 is presented the thermal conductivity of materials used in 
constructing radiators from cooler components. 
 
 
 
Fig. 1. Thermal conductivity of the materials used in constructing radiators from cooler components.  
 
The cooling systems can be of active or passive type. The active cooling system, Figure 2a, is the primary 
method of cooling modern processors and graphics cards. Nowadays, the most frequently used solution for 
cooling systems using air, comprises an assembly of aluminum or copper fins mounted on the CPU socket 
together with a fan. I n this case, the absorption of the fan is performed on the upper side, and the air jet is 
directed at the processor and, subsequently, at the side. Voltage variators associated with the processor, are 
placed on both sides, on the direction of the air jet, Figure 2.b. 
 
 
   
Fig. 2.a. The active air cooling system for 
temperature control of CPUs generating low and 
medium operating power [1]. 
Fig 2.b. The fan, processor and variable speed drives 
assembly [2]. 
 
The liquid cooling system for laptops [3], combines hardware components that generate heat and cools them 
simultaneously using only one circuit. The method is more efficient than the one with air. There are obtained 
performances of 23 % times higher, a more efficient cooling and a lower level of noise. 
 
The water cooling systems are adapted to cool central processing units with high heat loads. They have superior 
performances compared to air cooling systems, in terms of heat transfer. Water, as intermediary heat exchange 
agent has a specific heat of 4.186 KJ/KgÂK, which is superior to that of air of only 1.005 KJ/KgÂK, measured in 
an environment of 20 ºC. Journal of Engineering Studies and Research – Volume 20 (2014) No. 1                                       63 
 
GlobalWin Silent Stream, presented in Figure 3, is a silent water cooling system, which offers an efficient 
cooling. The flexible conduct (3) makes possible the filling with water, independent of orientation. The water 
tank (5) must be completed every month, depending on the environmental working conditions of the computer 
room. The radiator (1) is placed on the CPU and fixed with clips. After the voltage connections for the water 
pump (4), the f an (2), the AC adap ter (6) are carried out, it m ay be considered that the cooling sy stem is 
operational. The pump is integrated in the water cooling tank, so that only the radiator and the CPU cooler are 
attached. 
 
 
Fig. 3. Water cooling system - GlobalWin Silent Stream, [3]: a. Preassembled components, 
ready for cooling after unpacking; b. Water tank, with mounting clips; c. 12V AC adapter. 
 
The thermoelectric cooling systems use an active element with thermoelectric Peltier effect, which consists in 
the direct conversion of the temperature difference in potential difference and the other way around. The cooling 
systems with Peltier cells consist of a TEM – Thermoelectric Module cell and a radiator with ventilator, Figure 
4.a. A Peltier element placed between the radiator and the heat source determines a temperature drop of 70 ºC. 
 
 
 
Fig. 4.a. Peltier cooling system schematics [4].  Fig. 4.b. Thermoelectric CPU cooling system [5]. 
 
Nowadays, there are used both the direct and combined thermoelectric cooling, with Peltier cell and water, 
F i g u r e  4 . b .  D a v i s  p r e s e n t s  a  f e w  w a t e r  c o o l i n g  s o l u t i o n s  i m p l e m e n t e d  i n  s o m e  H y d r o S t r e a m ,  H y d r o T E C , 
HydroTherm commercial products, which “will allow a decrease of the dimensions and an increase of CPU 
power” [6]. 
 
The water cooling systems with heat pipe represent another method cooling, which is used for main processors 
as well as for graphic processors. In Figure 5.a, b there is presented CPU cooling systems using thermal tubes. 
 
 
 
Fig. 5.a. Cooling system with thermal tubes [7].  Fig. 5.b. Jou Jye G556 Cooler with thermal tubes [8]. 
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The extreme cooling implies the usage of special cooling systems, which bring processors temperatures in the 
negative domain. In the cooling system, compression, condensation, lamination and finally, the vaporization of 
the frigorific agent are produced. This process is in direct contact with the installation vaporizer. 
 
Installations of this type (Figure 6.a and b) are equipped with temperature monitoring systems that keep the set-
up running until the desired temperature of the vaporizer is reached. 
 
   
Fig. 6.a. Refrigeration system in one step of 
compression (-50 ºC) [9]. 
Fig. 6.b. Refrigeration in cascade with two steps of 
compression (-120 ºC) [9]. 
 
The cooling technologies with micro and nanochannels use mini heat exchangers for the cooling process, 
Figure 7. On the silicon surface, it is engraved a system of parallel micro channels, Figure 8, through which 
flows the water (with a maximum speed of 3.5 cm/s), or other liquids (like acetone, methanol), no matter the 
orientation of the channels (horizontally or vertically). Water, as a cooling element, has the capacity of capturing 
heat 4000 times better than air and its properties to transport heat are far superior. Thus, the heat dissipated by 
the silicon pill of the processor is way better absorbed and directed. 
 
   
Fig. 7. The capilarity phenomenon 
implemented on a silicon surface [10]. 
Fig. 8. (a) Engraved silicon plate; (b) A photo of the micro-
channels taken with an electronic microscope; (c), (d) Micro 
and nanostructural characteristics of the surface [10]. 
 
The cooling technology without a fan, called Sandia Cooler, is based on the radiator with fins (Figure 9) for 
dispersing the heated air. The heat is efficiently transferred from the stationary mainboard in a rotational 
movement. The boundary air layer that envelops the cooling fins is subjected to a strong centrifugal pumping 
effect and will become ten times thinner. This reduction leads to a considerable improvement of the cooling 
performance, a reduction of the cooling system’s dimensions and also an increase in the reliability of the 
calculation systems. 
 
The cooling system for the process without energy consumption, Figure 10, uses the Stirling principle in which 
internal energy generated as heat, is converted into mechanical energy because of the temperature difference 
between the hot and cold sources. The mechanical energy obtained is necessary to act the fan. While the 
processor heats, the air located inside a piston expands and pushes a rod, which spins the engine of the fan, 
absorbing the air through a pipe in a jar. This helps cooling the piston, so that the air inside becomes thicker, 
pushing the rod of the piston backwards, to the initial position.  
 
The cooling integrated in chips is a micro scale cooling system, [13, 14], which can disperse ten times more heat 
than a conventional TEC (thermoelectric) cooling system. Called Ultra-High Packing Fraction (UPF), Journal of Engineering Studies and Research – Volume 20 (2014) No. 1                                       65 
 
OptoCooler, the system is integrated in the chip in form of micro devices placed in high heated areas and can 
lead to stabilizing its temperature at a maximum of 45 ºC. 
 
   
Fig. 9. Thermal schematics for the Sandia Cooler technology [11]. 
Fig. 10. Cooling system prototype 
without energy consumption [12]. 
 
 
3.  CALCULATIONS REGARDING THE TEMPERATURE CHANGES IN COOLING AREAS OF 
THE CPU  
 
The temperature changes of the radiators when transmitting heat can be investigated using analytical calculation 
methods or the finite element analysis, [15, 16]. In order to determine the field temperature at the CPU cooling 
system, it is applied the analytical model developed in [16]. The temperature distribution, for a stationary and 
undirectional regime, has the following form: 
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where:  
Tx [K] is the temperature in x direction; qv represents power density in [W/m
3] generated by the CPU;  
T1, T2 [K] represent the temperatures of the exterior sides of the wall at x = 0, respectively at x = 2į;  
Tfl is the fluid temperature; k [W/m·K] is the conductive heat transfer coefficient; 
x [m] the distance measured from the point corresponding to the maxium temperature of the internal heat source;  
į [m] characteristical length.  
 
Using the relation above and calculating in Mathcad, with the initial data: qv = 75; į = 55·10
-3; T 1 = 292; T2 = 
307.7 it is obtained the temperature field in different areas of the CPU with the shape given in Figure 11. 
 
 
Fig. 11. The temperature field in different areas of the CPU. 
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4.  EXPERIMENTAL RESEARCH REGARDING THE COOLING WITH R600a 
 
4.1. Description of the working principle of the experimental set-up 
The experimental set-up was built for simulating the initial conditions of thermal solicitation and cooling of a 
laptop. In order to design the project of these mini-installations, there were taken into consideration the 
following factors: 
- Reduced dimensional requests for the components of the installation, which can be incorporated into a laptop 
case in a compact structure, without modifying its geometry and volume;  
- The requests regarding the efficiency of the cooling system, which must cope with the high-end CPUs;  
- The framing of the concept of freon cooling system with a single compression step. 
 
The schematics of the freon cooling mini-installation, its components and functional links are presented in 
Figure 12. 
 
Fig. 12. The schematics of the experimental mini-installation: 1 – refrigeration compressor; 2 – dehumidifier 
filters; 3 – freon tank; 4 – termometer; 5 – pressure gauge; 6 – transformer; 7 – condenser; 8 – vaporizer; 
 9 – liquid tank; 10 – capillary tube; 11 – fan; 12 – fan support. 
 
In the interior of this mini-installation, the frigorific agent is found in two states of aggregation: gaseous, 
represented in the schematics in blue and liquid, represented in red. The arrows indicate the flow of the 
refrigeration agent through the installation. For performing the tests, we used the ecologic cooling agent R600s 
(isobutan), a colorless and inflammable gas, which reacts strongly with oxides, acetylene, halogens and nitrogen 
oxides. The properties and thermodynamic characteristics of the R600a are: the critic temperature - 134.7 °C; 
critical pressure of - 36.29 bar; density - 225.5 kg/m
3; molar mass - 58.122 kg/ kmol. 
 
4.2. Elements of composition of the experimental set-up  
4.2.1. The refrigeration condenser (Figure 13.A) is a heat exchanger in which the refrigeration agent changes its 
aggregation state by passing from gaseous state into liquid state with heat yielding. Its role is to evacuate the heat 
yielded by the frigorific agent through condensation. The heat dispersed by the condenser represents practically 
the sum between the heat absorbed by the vaporizer from the cold environment and the caloric equivalent of the 
mechanical work done inside the compressor. For constructing the condenser, there was used the capillary tube 
of a Ranco K59 refrigeration thermostat, having the following dimensions: Dext = 1.5 mm; Dint = 1.3 mm, L = 
100 mm. The capillary tube made of copper and covered with a short layer of zinc allows the process of reading 
the temperature inside the cold environment. 
 
4.2.2. The refrigeration compressor. The mini-installation was installed on a AAC refrigeration compressor with 
a refrigeration power of 100 W, 220 V DV and two dehumidifying filters on the absorption vents.  
 
4.2.3. The lamination valve (Figure 13.B). From the condenser, the freon in liquid state and under pressure, 
enters the capillary tube of lamination, known as the lamination valve. This has the role of reducing the high 
pressure to a low pressure, necessary in the vaporization process, in which the aggregation state of the 
refrigeration agent modifies. For manufacturing the tube of lamination, there was used the capillary copper tube 
of a thermostat for high temperature, (190 ºC), with the dimensions: Dext = 1 mm; Dint = 0.2 mm. The length of 
the laminator obtained is L = 70 mm. 
 
4.2.4.The liquid tank (Figure 13.A) is made of a copper pipe measuring: Dext = 2.8 mm; Dint = 2.6 mm. L =        
15 mm. 
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Fig. 13. The subassembly made of: condenser, 
lamination valve, reservoir and vaporizer. 
Fig. 14. Assembling the fan support. 
 
4.2.5. The vaporizer, (Figure 13.D) which absorbs heat from the element in the process, was made of a copper 
plate with: L = 55 mm, l = 27 mm, h = 1 mm, and a cooper pipe with Dext = 2.8 mm and Dint = 2.6 mm. 
4.2.6. Assembling the installation. In order to connect the pressure gauges and the refrigeration compressor to the 
mini-installation, there were used refrigeration hoses designed to support high temperatures and pressures. The 
obtained assembly is presented in Figure 14 and 15. 
 
   
Fig. 15. The components of the refrigeration installation made in the laboratory. 
 
The compressor ensures the pressure rise of the refrigeration agent and its conversion into gaseous state, where it 
is cooled. The condenser is washed with a cold air stream provided by the fan. After passing through the 
condenser, the refrigeration agent changes its aggregation state. In the condenser, the air pressure of the 
refrigeration agent is high, being able to reach 20 bar. The freon passes from the condenser into the laminary 
tube, where it is subjected to an isoenthalpic process characterized by a drop in temperature. The freon reaches 
the vaporizer where the pressure is significantly lower (1 bar). As a result, the cooling agent expands, changing 
again its aggregation state, a process with heat absorption. From the vaporizer, the freon in gaseous state is 
aspirated by the compressor and restarts the cycle through the entire system.  
 
4.3. Obtained results and their interpretation 
Before starting the test, the installation was subjected to vacuuming, as a compulsory condition, thus there was 
introduced freon. There were carried out five determinations, for each one introducing an additional 10 grams of 
refrigeration agent. The results are shown below, in Table 1. 
 
Table 1. The results of the experiments. 
  Experiment  1  Experiment  2  Experiment  3  Experiment  4  Experiment  5 
Freon quantity  10 g  20 g  30 g  40 g  50 g 
Discharge pressure  6.79 bar  10.93 bar  11.37 bar  12.20 bar  15.01 bar 
Suction pressure  0 bar  0.49 bar  0.52 bar  0.55 bar  0.71 bar 
Evaporator temperature  -11 °C  -33 °C  -44 °C  -29 °C  -26 °C 
Ambient temperature  16 °C  16 °C  16 °C  16 °C  16 °C 
Experimental results obtained for in one cycle of functioning are presented in the graphs from Figure 16. 
A  B 
C 
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Analyzing the graphical representations of the obtained values, we notice that the temperature varies according 
to the quantity of the refrigeration agent. The installation runs at a maximum capacity with a dose of about 30 g 
of cooling agent, which reaches the temperature inside the vaporizer of -44 ºC, Figure 16.b 
 
   
Fig. 16.a. Variation of the temperature in the 
vaporizer according to the aspiration pressure of the 
cooling agent. 
Fig. 16.b. Variation of the temperature in the 
vaporizer according to the quantity of the cooling 
agent. 
 
 
5.  CONCLUSIONS 
 
The necessity of better cooling systems  intensified research in the area. The practical realization of freon 
refrigeration mini-installation, for laptop CPU's cooling, showed that although we have a very small amount of 
freon, cooling occurs. 
 
There was built an experimental installation, composed of circular micro and nanochannels. The determinations 
performed, have led to using graphs for interpreting the experimental results. The results allow the determination 
of the optimal parameters for which the installation can function at its maximum capacity.  
 
The installation used circular nanometric channels for laminating the freon vapors in a single step mechanical 
compression. Although in this case the lamination tube is of nanometric order, there was noticed that the 
installation manufactured at such small dimensions didn’t freeze the refrigeration agent by subcooling. 
 
The testing of the installation led to obtaining negative temperatures, the lowest value being - 44 ºC. The 
refrigeration set-up that contains circular micro and nanochannels allows successfully the cooling of the CPU.  
 
 
ACKNOWLEDGMENT 
 
This paper was supported by the project "Improvement of the doctoral studies quality in engineering science for 
development of the knowledge based society-QDOC" contract no. POSDRU/107/1,5/S/78534, project co-funded 
by the European Social through the Sectorial Operational Program Human Resources 2007-2013. 
 
REFERENCES 
 
[1]  http://www.elfast.ro/shop/produs_galerie.php?cod_produs=3364, Cooler DC-775J925ZR socket 775 
(12.04.2013). 
[2] Cristea, A., Scientific contributions to the study of refrigeration systems for microelectronic components, 
PhD Thesis Abstract, 2010, dsd.utcb.ro/teze/Cristea%20Alexandru%20-%20Rezumat.pdf. (12.04.2013). 
[3] Schuhmann, D., Globalwin silent stream, http://www.tomshardware.com/reviews/7-hot-water-cooling-
systems-tested,883-3.html, Sep. 2004 (12.04.2013). 
[4] www.tellurex.com, "Tellurex," http://www.tellurex.com/12most.html), 2012, Essentials of Thermoelectric 
(TE) Cooling (12.04.2013). 
[5] http://www.tomshardware.com/reviews/lord-kryo-puts-hands-17-coolers,270.html (12.04. 2013). 
[6] Weymouth, M., Davis, R., Clarke, P., Thermoelectric CPU cooling using high efficiency liquid flow heat 
exchangers,  http://s3.amazonaws.com/zanran_storage/www.hydrocool.com/ContentPages/55261364.pdf, 
(12.04.2013). 
[7] en.wikipedia.org/wiki/Computer_cooling, Computer cooling - Wikipedia, the free encyclopedia, (2.04.2013). Journal of Engineering Studies and Research – Volume 20 (2014) No. 1                                       69 
 
[8]  http://www.connect.md/publicatii/20-01-2009/jou-jye-g556-un-cooler-puternic-pentru-procesoare-core-i7 
(12.04.2013). 
[9] http://www.buckeyeoc.com/page_id=530 (12.04.2013). 
[10] http://www.chip.ro/revista/chip/16206-sisteme-de-rcire-ale-viitorului?start=1, Cooling systems of the future 
(12.04.2013). 
[11]  http://www.tomshardware.com/news/cpu-cooler-sandia-heatsink-fan,16100.html,  Sandia  Develops 
Amazingly Efficient CPU Cooler (12.04.2013). 
[12] www.jocuri-fun.ro/stiri/MSI-descopera-sistemul-de-racire-pentru-procesor care nu consumă curent 
(12.04.2013). 
[13] http://infolaptop.ro/asetek-prezinta-racirea-pe-baza-de-lichid-pentru-laptopuri/, (12.04.2013). 
[14] http://www.blitztech.ro/tehnologie/nextreme-propune-racirea-integrata-in-cip-uri/, (12.04.2013). 
[15] Balan, M., Refrigerators, http://www.termo.utcluj.ro/if/ (12.04.2013). 
[16] Mihai, I., Heat transfer in mini-channels and micro-channels CPU cooling systems, InTechOpen, p. 64-68, 
Published on: 2011-01-28 (11.04.2013). 
 